The aim of this annual workshop is to offer a forum for young researchers from the field of International Economics to present and to discuss their current topics of research with other experts. The workshop also provides the opportunity to gain an overview of recent developments, problems and methodological approaches in this field. 
Introduction
In the last two decades, European financial markets have faced crucial structural and institutional adjustments with the aim of accelerating the financial integration in money, credit, bond, and equity markets. Integration of the financial markets adds to the effective transmission of common monetary policy and to economic growth by removing frictions and barriers to exchange and by allocating the capital more effectively 1 . It is important to monitor the state of integration in various segments of the market in order to identify areas where further initiatives are needed.
The focus of our paper is on equity market integration 2 . Integrated stock markets generate better opportunities for international investors by eliminating country specific risks and let them diversify their portfolios across countries. A larger pool of funds other than the limited local financing will be available for corporations. Integrated stock markets decrease the cost of capital. Hence, the number of productive investments increases, which flourishes the economic growth. In an economic environment where better risk-sharing opportunities exist, households will be able to smooth their consumption more efficiently. Moreover, interdependent stock markets are subject to spillovers resulting from shocks. Evaluating the dynamics of the equity market integration is, therefore, important for monetary policy makers.
The main objective of this paper is to investigate the existence and the degree of integration among stock markets in the five member states of the European Union (EU); Germany, France, Netherlands, Ireland, United Kingdom (UK); at the country as well as at the industry level. The following industries are under consideration: basic materials, consumer goods, industrials, consumer services, health care and financials.
1 Agénor (2003)(2) provides a detailed review of the benefits and costs of international financial integration. He argues that benefits outweigh the costs as long as financial integration is carefully prepared and managed. 2 Baele et al. (2004) (5) provide a discussion about the gains from integration of euro area equity markets and a review of equity market developments in Europe.
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To address our questions, we utilize measures of financial market integration. Baele et al. (2004) (5) propose three major dimensions to quantify the state and the evolution of financial integration; i.e. price-based, news-based and quantity-based. In this paper we focus on the price-based dimension, which measure discrepancies in returns on assets. It is a direct test of the law of one price, which suggests that assets with the same risk factor and yield should be priced identically if financial integration is complete 3 .The results of Baele et al. (2004) (5) point out that the unsecured money market is fully integrated, while integration is reasonably high in the government and corporate bond market, as well as in the equity markets. The credit market is among the least integrated, especially in the short-term segment.
Different studies and approaches have been undertaken to analyze and measure the progress of stock market integration in Europe indeed. The ECB publishes annual reports called "Financial Integration in Europe" 4 with the purpose of contributing towards the advancement of European financial integration and raising public awareness of the Eurosystem's role in supporting the financial integration process. These reports comprise equity market integration as well.
A part of the literature about stock market integration tends to assess how far global factors affect expected returns in national markets using specific asset pricing models 5 . Hardouvelis et al. (1999 5 . Hardouvelis et al. ( , 2006 ) (17) (18) estimate a conditional asset pricing model to determine the importance of EU-wide risk relative to country-specific risk, and they report a tendency toward higher market integration. Hardouvelis et al. (2004) (16) provide evidence for diminishing country effects and amplifying sector effects as stock market integration increases. The disadvantage of this part of the literature is that the results depend on the specification of the asset pricing model. Ayuso and Blanco (1999) (3) show that there has been an increase in the degree of stock market integration during the nineties using a refinement of the approach suggested by Chen and Knez (1995) (13) . The disadvantage of this method is that it fails to control for the dynamics of the integration process.
Fratzscher (2002) (15) proposes a multivariate GARCH model to analyze the integration process of European equity markets since 1980s. This approach allows him to evaluate the relative importance of regional shocks originating in the euro area with respect to global shocks coming from the rest of the world (US). He concludes that European equity markets have become more integrated with each other and have gained importance in world financial markets since 1996, and the exchange rate variability reduced in the mean time. The driving force behind these outcomes is suggested to be the convergence of interest rates. Adam et al. (2002) (1) apply a quantity-based approach and report data on international portfolio diversification for investment funds, pension funds and insurance companies in Europe. Their results suggest that there is an increased financial integration of euro area equity markets, although considerable differences within euro area countries persist.
There are some studies that evaluate financial integration for some new EU member states within themselves and the with the euro zone, such as Cappiello et al. (2006) (12), Babetskii et al. (2007) (4) and Baltzer et al. (2008) (6) . Cappiello et al. (2006) (12) use a factor model for market returns to show that the integration of the new EU member states with the euro area increased during the process of EU accession. The Czech Republic, Hungary and Poland are found to exhibit return co-movements both between themselves and with the euro area. Babetskii et al. (2007) (4) provide evidence for β-and σ-convergence of stock market returns in the Czech Republic, Hungary, Poland and Slovakia using country as well as sectoral indices. They do not find strong indications on the effect of the EU accession of all four countries. Baltzer et al. (2008) (6) use price-based, new-based and quantitiy-based measures to find that financial markets in the new EU Member States (plus Cyprus, Malta and Slovenia) are significantly less integrated than those of the euro area, whereas, there is strong evidence that the process of integration is well under way and has accelerated since accession to the EU.
The literature indicate a rising degree of equity market integration at least across old EU members. A further investigation could still illuminate more recent developments of integration process.
Our empirical study is based on correlation analysis, β-convergence and σ-convergence approaches. The correlation analysis gives us a general idea about the level and development of the integration process. The speed of integration is measured by β-convergence. Dispersion of financial returns across countries or industries, σ-convergence, shows how far various markets or industries deviate from integration.
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This paper differs from the previous studies for two reasons. First, to the best of our knowledge, it is the first application of β-and σ-convergence on the data from old-established European stock markets; i.e. equity returns in Germany, France, Netherlands, Ireland and UK. Second, we apply these approaches not only to the aggregate market, but also to the industry level for a longer time span.
We analyze the time period from January 1973 to August 2008. This period has witnessed several critical economic events with the aim of monetary, economic and financial integration in Europe. How do these harmonization efforts have affected the integration of stock markets in the EU member countries? We might expect a priori that the returns of European stock markets have become more integrated during the process of integration. As the countries become more interdependent through trade, the expected cash flows and volatilities may converge giving rise to co-movement of profits and dividends of European companies, and consequently the valuation of equities may turn out to be more homogeneous. Additionally, as inflation rates and interest rates converge to a certain level across Europe, dividends and profits of companies are discounted at a similar rate, which may lead to converge of stock returns across countries. Another driving force under the expectation of stock market integration in Europe is the elimination of exchange rate risk with the introduction of the euro. A more volatile exchange rate of a country increases the risk premium in that country since investors require a higher return to get compensated for the higher uncertainty. Elimination of currency risk result in homogeneous reward to risk ratios across European stock markets. Finally, stock markets have become more synchronized due to improvements in computer and communication technology; and therefore due to a faster information transmission and processing.
Our results suggest briefly that the stock markets under consideration show an increasing degree of integration both at the aggregate market level and also at the industry level with some differences in the speed and degree of convergence. All the industries except health care industry show a significant σ-convergence, whereas there is an upward trend of cross sectional dispersion for health care industry returns.
This paper is organized into five sections. Section 2 summarizes the methods to measure convergence. The first subsection considers correlation analysis, the second subsection comprises β-convergence and the third subsection covers σ-convergence method. Section 3 considers the data and the empirical analysis of stock market integration in Europe. The final section concludes.
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2. Methods to Measure Convergence
Correlations
In order to get a first impression about the degree of stock market integration, we will exercise a standard correlation analysis of stock market returns. We are interested in the correlations of aggregate market/industry returns with the corresponding benchmark returns which represent the market. The intuition of this approach is that the more integrated the markets are, the higher is the co-movement between their prices. It is worth noting that higher correlation alone is not a necessary or sufficient condition for greater market integration. The data should be examined further to be able to derive conclusions about stock market integration.
We compare the correlations in five different periods. 1973m1-1979m2 is the basis period . We also distinguish between the following periods: Establishment of European Monetary System (EMS) (1979m3-1990m6) , stage one of EMU with the removal of all restrictions on capital movements (1990m7-1993m12), stage two of EMU commenced with the establishment of the European Monetary Institute(1994m1-1998m12) and finally stage three of EMU after the introduction of euro (1999m1-2008m8).
β-Convergence
β-convergence is an indicator borrowed from the growth literature, where it has been used to assess regional or cross-country per capita income and productivity convergence. Adam et al. (2002) (1) has proposed application of this concept to refer to the speed at which financial markets integrate. We run the following time series regression for the respective national market or industry to be studied:
where R i,j,t represents the return spread at time t between the return of aggregate market or industry asset j in country i (r i,j,t ) and the respective benchmark return (r b,j,t ). α is the country and industry specific constant; and i,j,t is the white-noise disturbance. The lag length L is based on the Schwarz information criterion. The main parameter of interest is β i,j . Under the null hypothesis of no convergence, it is equal to or greater than 0. In this case, a shock to R i,j,t is permanent.
The fact that market capitalizations differ tremendously across countries and industries in the sample necessitates the construction of separate benchmarks for each industry (and also market) in a country excluding the industry (market) data of the country under consideration. The local markets in UK, Germany and France can have a larger influence on a single European benchmark yield, which would bias the estimates of convergence. Therefore, we construct a separate benchmark return for each country-industry pair omitting the country itself from the benchmark. The calculation of benchmark return for aggregate market/industry j in country i follows:
where k is the set of all countries and w k,j,t is the weight of industry/market j in country k which accounts for market capitalization of that country. In the end, we have 35 benchmark returns 1 for our analysis.
A negative β coefficient means that convergence takes place and the size of β is a direct measure of the speed of convergence. This allows us to compare integration across different industries, countries and sample periods. The larger is the beta in absolute value, the faster is the convergence. The intuition behind this reasoning is that returns in countries or industries, where returns are relatively high, tends to decrease more rapidly than those in countries or industries with low returns.
The half-life denotes how long it takes for the magnitude of a shock to become half of the initial shock. In our case, it is measured in days. It is calculated as follows 2 :
2.3. σ-Convergence β-convergence measures the speed of convergence, however, it does not indicate to what extent markets are already integrated. It is necessary but not sufficient for the existence of σ-convergence 3 . We investigate the cross sectional dispersion in stock returns, which can be calculated at each point in time by taking the standard deviation of industry or aggregate market returns across countries. For industry/market j, it is
wherer j,t is the sample mean of returns for industry/market j at time t and N is the number of countries in the sample. Convergence takes place if the cross sectional dispersion of stock market returns decreases over time. For this reason, we control for the slope coefficient on a linear time trend in the following regression:
In case cross sectional dispersion converges to zero, full integration is reached.
Empirical Analysis

Data
In our paper, stock market integration is analyzed using volatile than the returns on market indices. This is not surprising, since the latter represents a more diversified portfolio. Volatility varies considerably across countries and also across industries. The returns in Ireland were very volatile which could be expected looking at relatively higher returns at this country. The return of consumer goods industry in Ireland disagrees with the traditional risk-return trade off, since it is the lowest of all returns yet it ran the highest risk.
Figure A.1 shows smoothed market return series during the whole sample period for all countries under consideration. The return series are smoothed only for illustration purposes in this graph using Hodrick-Prescott (HP) filter with a smoothing parameter, λ, of 14400 for monthly data. The returns move closer starting from 1990s, which might point out that common euro area factors became more important for the stock markets across Europe afterwards. In early 2000s, this co-movement becomes more striking. Yet, in the recent years, returns start to diverge again. For the rest of our analysis, we use "not filtered" data to calculate correlations, β and σ-convergence, due to the fact that smoothing the return data gives occasion to misleading outcomes arising from increased serial correlation in the series. 1973m1-1979m2) , and the succeeding columns show the change in correlation with respect to previous period. Due to lack of data for the health care industry in Ireland, the basis period is 1979m3-1990m6.
Correlations
We examine the change in correlation structure by performing a specific test following Taylor and Tonks (1989) (21) . Ifρ is the sample correlation coefficient between two markets, a statistic ξ can be constructed as follows 3 :
where ρ is the population correlation coefficient and T is the sample size. The test statistic for the equality of the correlation coefficients between period 1 and period 2 can be constructed as:
The null hypothesis for the test is H 0 : ρ 1 = ρ 2 . If the test statistic rejects H 0 , we can conclude that there is a significant difference in correlation coefficients between two periods. Table A .2 reports the test results. The correlation changes with " * " indicate an increase and with " * * " indicate a decrease in correlation coefficients with respect to the previous period at a significance level of 10%. When we look at Table A .2, we see a certain pattern in the change of correlation coefficients. The stock markets in Germany and France became significantly more correlated with the EU benchmarks for all industries at the first stage of EMU, when all the capital restrictions were removed. Netherlands's stock markets started to be more correlated with EU already before stage one, during the period of EMS. The significant increase in correlations of British stock markets started during EMS and continued at the first stage of EMU. Strikingly, the third period of EMU, which is after the introduction of euro, is the period when we observe most of the significant decreases in the correlation coefficients, especially in the health care industry. This might suggest that, at this stage of EMU, health care industries at almost all countries were affected by local factors rather than EU wide factors. The stock market returns in Ireland are less correlated with EU than the returns in other countries for all sectors. Ireland stock market seems to be isolated from other EU stock markets in that sense.
β-Convergence
We run the regression in (2.1) to see the speed of convergence for the aggregate market and industries in stock markets. The results are reported in Table A. 3.
To start with, the constants in all regressions are not significantly different from 0, which denotes unconditional convergence of stock returns. All the β coefficients for all industries in all countries are significantly negative, which means that in fact convergence takes place for all. We can distinguish the speeds of convergence
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looking at the size of the betas, which offer that the speed of convergence changes across countries and industries. The industries converge at a different speed than the market, which justifies an analysis at an industry level. We report the half-lives of shocks to return spreads in the second column of Table A. 3. The average half-life of a shock to convergence is 5.75 days for aggregate market, 7.41 days for basic materials, 7.31 days for industrials, 10.25 days for consumer goods, 6.59 days for health care, 8.44 days for consumer services and 6.21 days for financials. This makes it more clear that the speed of convergence is quite different across industries. The reason why the overall market converges faster than the individual industries is that the market is actually composed of more industries than the ones analyzed in this study. There should exist some other industries that converge faster than the aggregate market.
There are some criticisms about the interpretation of the parameter β as the speed of convergence. The most recent one came from Hristov and Rozenov (2009) (19) , who suggest that it is necessary to take the coefficients of lagged return spread differences into account to guarantee a convergent behavior. According to the authors, we need to look at the eigenvalues of the system matrix and the modulus of the largest eigenvalue is a natural measure of speed of convergence and modulus should be smaller than 1 4 . We verified that our framework fits into their definition of speed of convergence. We calculated the moduli of system matrices of our regressions separately and saw that they all have moduli smaller than one, which also means that all industries in all countries converge. We do not go into details here, but the results are available on inquiry.
For a robustness check, we also run a Andrews-Quandt break point test for all estimations of equation (2.1). Andrews-Quandt break point test checks whether there is a structural change in the original equation parameters. The null hypothesis for this test is that there are no breakpoints within trimmed data. Maximum LR F-statistics suggest that there exists a break point in betas from the industries health care and consumer services in Ireland at a significance level of 5%. 5 In other words, the speed of convergence changes significantly at certain times for the named industries and countries. It is interesting that, the significant break points exist for service industries, which are more prone to regional shocks; and for Ireland, of which stock market could be more affected by local shocks rather than EU wide shocks. The most likely break point location is 1979m12 for consumer services and 2005m12 for health care industry. The former corresponds to the year when the EMS was established and it is worth noting that the former is after the introduction of euro. There is a need for a closer look into the course of these industries at these certain times to be able to better explain the reasons behind the possible break points.
Another robustness check we perform is adding a business cycle component to our regression (2.1) in order to see whether stock market integration depends on the stance of the business cycle. In order to control for it, we define dummies for two episodes of business cycles: one for recession and the another one for expansion. The dates of these two episodes are based on Economic Cycle Research Institute (ECRI) data which provide business cycle peak and through dates from 1948 to 2008. Betas do not change significantly when we add the business cycle dummies to our regressions. There is no significant dependence on recession and expansion episodes. For the sake of brevity, we do not present the results here, but they are available on request.
It is possible to look at the dynamics of speed of convergence by calculating betas from moving window regressions. Figure A. 2 shows the time varying beta for the convergence of aggregate market returns in Germany to EU benchmark return. This plot suggest that convergence has been an ongoing process since 1973 but the speed has changed from time to time. We performed the same analysis for the other sectors and for all countries and got similar results.
σ-Convergence
We start our analysis of σ-Convergence by looking at the cross sectional dispersion across countries at market level. Figure A. 3 shows the standard deviation of aggregate market returns across the sample countries and the HP filtered standard deviation 6 . The smoothed cross sectional deviation gives us an idea about the long term trend of convergence. The graph shows that the standard deviation falls evidently but starts to increase in the mid 2000s. When we look at the cross sectional dispersions for each industry ( Figure A.4) , we observe that there is a decrease in volatility in all industries but the trend is not clear for health care industry. An
upswing of standard deviations in the mid 2000s is observed for the following industries: basic materials, financials and health care. We run the equation 2.4 for the whole sample period to control for the slope coefficient on a linear time trend for all industries. The results are presented in the last column of Table A. 3. The slope coefficients are all significantly negative at 5 % level accept the slope for health care industry. The long term trend of cross sectional dispersions has been upward for health care industry and downward for the other industries.
The evidence of decreasing convergence in the 2000s is just the opposite of what we expected. There are several arguments, which could have produced this outcome. First, the origins of the random shocks may be regional. When we consider the industries, where we observe decrease in convergence in the recent years, we see that they are generally the ones which may be susceptible to regional shocks; such as health care and financials. Alternatively, diminishing convergence might be a result of country-specific economic effect of global shocks. Heterogeneous industrial structures of countries, differences in the structure of the banking system and in the credit channel affect the transmission of global shocks to asset values in different ways.
Even if a common monetary policy is fulfilled, the transmission of monetary policy to economic activity may divert across countries. Finally, if a country becomes more specialized in an industry, the contents of country indices become different leading to less synchronized returns. This is in fact consistent with market integration: different industries may be outstanding in each country. Therefore, economic shocks may selectively affect specific industries; hence effects on countries may differ. But a deeper analysis of the reasons behind the presented evidence is beyond the scope of this paper but leaves room for further research.
We performed a robustness check by analyzing the σ-convergence in two different episodes of business cycle: recession and expansion. The coefficients are not significantly different from each other except for health care industry. In this case, the slope coefficient is positive and significant at 5 % during expansion (0.002) but not significant during recession. This might suggest that some countries outperform the others in health care industry during expansionary episodes, which again results from exposure of health care industry to local shocks.
Finally, Figure A .5 plots the smoothed 7 country and industry cross sectional dispersions. Country dispersion was higher than that of industry up to the introduction of euro, hence convergence of returns across industries used to be better than that of across countries. Together with the introduction of euro, industry dispersion exceeded country dispersion. Therefore, country convergence of stock market returns became superior to industry wide convergence in the last stage of EMU.
Conclusion
This paper's main objective is to investigate the existence and the degree of convergence among stock markets in Germany, France, Netherlands, Ireland and UK at the country and industry level considering six different industries: basic materials, consumer goods, industrials, consumer services, health care and financials. We used correlation analysis, β-convergence and σ-convergence methods to deal with our questions. β-convergence serves to measure the speed of convergence and σ-convergence serves to measure the degree of financial integration.
To summarize our results, stock markets that we studied show an increasing degree of integration both at the aggregate market level and also at the industry level, although some differences in the speed and degree of convergence exist among stock markets. The average half-life of a shock to convergence changes at a range from 5,75 days for aggregate market to 10,25 days for consumer goods. Convergence has been an ongoing process since 1973 but the convergence speed has changed from time to time.
There is a decrease in cross sectional dispersions for all industries, however, this is not the case for health care industry. We do not observe a significant σ-convergence of health care industry returns, which are more prone to regional shocks.
The finding in this paper should be investigated further. The scope of this paper is not that extensive to capture the impacts of regional and global shocks on European stock markets. Future research may explore different sources of shocks on stock market returns and their affects on convergence.
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